BCL2L12 gene is constitutively expressed in many tissues, suggesting that the encoded protein serves an important function in different cell types. In the present study, the expression of BCL2L12 gene was analyzed by reverse transcription-PCR (PT-PCR) in 70 breast cancer tissues. Our results indicate that BCL2L12 positive breast tumors are mainly of lower stage (I/II) or grade (I/II) (p=0.02 or p=0.04 respectively). Cox regression analysis revealed that BCL2L12 expression is positively related to disease-free (DFS) and overall survival (OS) at both univariate and multivariate analysis (p=0.002, p=0.021, p=0.004, p=0.029 respectively). Kaplan-Meier survival curves also demonstrated that patients with BCL2L12-positive tumors have significantly longer DFS and OS (p=0.002 and p<0.001 respectively). BCL2L12 expression may be regarded as a new independent favorable prognostic marker for breast cancer.
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Apoptosis, BCL2L12, Bcl2 gene family, breast cancer, prognostic markers Summary Apoptosis, a normal physiological form of cell death, is critically involved in the regulation of cellular homeostasis. If the delicate balance between cell death and cell proliferation is altered by a defect in the normal regulation of apoptosis signaling, a cell population is able to survive and accumulate, thereby favoring the acquisition of further genetic alterations and promoting tumorigenesis. Dysregulation of programmed cell death mechanisms plays an important role in the pathogenesis and progression of breast cancer, as well as in the responses of tumors to therapeutic intervention. Overexpression of anti-apoptotic members of the Bcl-2 family such as Bcl-2 and Bcl-XL has been implicated in cancer chemoresistance, whereas high levels of pro-apoptotic proteins such as Bax promote apoptosis and sensitize tumor cells to various anticancer therapies. Recently, a new member of the Bcl-2 family, BCL2L12, was cloned. The
The pathogenesis of apoptosis involves the cleavage of nuclear chromatin between the nucleosomes by specific endonucleases, producing chromatin fragments. (2, 5) . According to recent hypotheses, clonal expansion might occur as a premalignant event resulting from suppressed apoptosis, secondary to mutations in regulatory oncogenes. Programmed cell death and apoptosis are highly regulated physiological processes (5, 6) . Deregulation of apoptosis results in several diseases, including disorders where cell accumulation occurs (cancer, restenosis) or where cell loss ensues (stroke, heart failure, neurodegeneration, AIDS) (6) .
Normal breast development is controlled by a balance between cell proliferation and apoptosis. There is strong evidence suggesting that tumor growth is not just a result of uncontrolled proliferation but also of reduced apoptosis. The balance between proliferation and apoptosis is crucial in determining the overall growth or regression of the tumor in response to chemotherapy and hormonal therapy (8) (9) (10) (11) . Thus, it is possible to delineate the biology of individual tumors at the molecular and biochemical level by examining apoptosis and its control and regulation and to exploit these to clinical applications.
Apoptotic events are regulated by a number of proteins that exert either a positive (pro-apoptotic) or a negative (anti-apoptotic) effect on programmed cell death. Proteins participating in these events include members of the Bcl-2 family (12) . Members of the Bcl-2 family are characterized by the presence of at least one of the BH1, BH2, BH3, BH4 domains (13) . The BH1 and BH2 domains are present in all anti-apoptotic proteins, while the BH3 domain is present in the pro-apoptotic members of the family. However, BH3 domains have been identified in some anti-apoptotic proteins such as Bcl-2 and Bcl-XL (14) . The anti-apoptotic Bcl-2 members promote cell survival, whereas pro-apoptotic and BH3-only members facilitate apoptosis (6) .The levels of the various members of the Bcl-2 family have been shown to determine response to chemotherapy in breast and other tumors.
Proline-rich domains have been identified in a number of diverse proteins such as EGF and members of the RRAS superfamily such as the TC21 protein (15, 16) . Proline-rich motifs are characterized by the presence of the consensus PXXP tetrapeptide, found in all proline-rich proteins identified to date (17) .
The hallmark of the proline-rich domain function is its interaction with SH3 domains. It has been shown that the proline-rich SH3-binding site is required for integrin activating function and the ability of RRAS to control cell adhesion (16) Recently, we reported the molecular cloning, physical mapping and expression analysis of a novel gene, BCL2L12, encoding for a proline-rich protein with a highly conserved BH2 domain of the Bcl-2 family (18) . The new gene maps to chromosome 19q13.3 and is located between the IRF3 and PRMT1/HRMT1L2 genes, close to RRAS gene (18) (19) (20) (21) (22) . PCR screening for BCL2L12 transcripts using gene specific primers, revealed the presence of two bands in most of the tissue cDNAs examined, one corresponding to the classical form of the gene and the other to a splice variant. The BCL2L12 protein is composed of 334 amino acids, with a molecular mass of 36.8 kDa and it is highly expressed in mammary gland. In this paper, we describe the expression of the BCL2L12 gene, by RT-PCR, in breast tumors.
Materials and methods

Study group
Tumor specimens from 70 patients who underwent surgery for primary breast cancer at the Oncologic Hospital of Athens "Saint Savas", as well as 4 nonmalignant breast tissues (negative controls) were evaluated in this study. Informed consent was obtained from all patients. A computerized database containing information concerning each patient, together with receptor status, nodal status, size of primary tumor, tumor grade, number of positive nodes, age and menopausal status of the patients, was available for statistical analysis. Patient ages ranged from 25 to 88 years, with a median of 53 years. Follow up information (median follow-up period, 100 months) was available for 69 patients, among whom 20 (28.9%)had relapsed and 16 (23.1%) had died. All patients had a histologically confirmed diagnosis of primary breast cancer and received no treatment before surgery. Clinical staging was performed according to the Postsurgical International Union Against Cancer TumorNode-Metastasis (TNM) classification system (23) . Histological grade of the tumors was determined according to crite- ria reported by Bloom and Richardson (24) . The post-operative treatment modality was known for all patients; 5% received no further treatment after tumor resection, 28% were given adjuvant chemotherapy, 59% were treated with endocrine therapy and 8% were given both chemotherapy and endocrine therapy. Postoperative locoregional radiotherapy was administered to 49 patients Reverse transcriptase-polymerase chain reaction Total RNA was extracted from the breast tissue using Trizol reagent (Gibco, BRL) following the manufacturer`s instructions. RNA concentration was determined spectrophotometrically. Two micrograms of total RNA were reverse-transcribed into first-strand cDNA using the Superscript TM pre-amplification system (Gibco BRL), following the manufacturer`s instructions. The final volume was 20 µl. Based on the information obtained from our previous report (18) , two gene-specific primers were designed (see Table 1 ), and PCR was carried out in a reaction mixture containing 1 µl of cDNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 200 mM dNTPs (deoxynucleoside triphosphates), 150ng of primers, and 2.5 units of HotStar TM DNA polymerase ( Qiagen Inc., Valencia, CA ,USA) on a thermal cycler ( MJ Research, USA ). The cycling conditions were a denaturation step at 95°C for 15 min, followed by 35 cycles of 94°C for 30s, 62°C for 30 s, 72°C for 1min and a final extension step at 72°C for 10 min. Equal amounts of PCR products were electrophoresed on 2% agarose gels and visualized by ethidium bromide staining. Actin was used as internal control for the integrity of the mRNA.
Cloning and sequencing of the PCR products
To verify the identity of the PCR products, they were cloned into the pCR 2.1-TOPO vector (Invitrogen, Carlsbad, CA, USA) according to the manufacturer´s instructions. The inserts were sequenced from both directions using vector-specific primers, with an automated DNA sequencer.
Steroid hormone receptor analysis
Steroid hormone receptors were quantified as described elsewhere (25, 26) . The results of the dual ligand binding assay, in which dextran-coated charcoal was used to separate bound ligand from free ligand, were interpreted by Scatchard analysis (27) . Tumors with ER (estrogen receptors) and PR (progesterone receptors) concentrations of ≤10 fmol/mg protein were 3 considered receptor negative, whereas, those with ER and PR concentrations of 10-300 fmol/mg were characterized as positive (28, 29) .
Statistical analysis
For analysis of the data, patients were subdivided into groups on the basis of different clinical or pathological parameters.
Associations between clinicopathological parameters such as stage, grade, histotype, nodal status tumor size, menopausal status, age, ER, PR and BCL2L12 expression status were analyzed by the χ 2 test or Fisher`s exact test, where appropriate. Cox proportional hazard regression model (30) was developed to evaluate the association (i.e. the hazard ratio and its confidence interval) between the prognostic marker and progressionfree or overall survival. For survival analysis, two different end points, cancer relapse (either local recurrence or distant metastasis) and death were used to calculate DFS (disease free survival) and OS (overall survival) for BCL2L12-positive or negative patients, by constructing Kaplan-Meier curves (31) . DFS was defined as the time interval between the date of surgery and the date of identification of recurrent or metastatic disease. OS was defined as the time interval between the date of surgery and the date of death.
Results
BCL2L12 gene expression and relation to other variables
From the 70 breast cancer patients examined ( patients examined, 42 patients (72%) were BCL2L12-positive and only 16 patients (28%) BCL2L12-negative. On the other hand, of the 8 patients at advanced stage (III) examined, 6 patients (75%) were BCL2L12-negative and only 2 patients (25%) were BCL2L12-positive. BCL2L12 gene expression was significantly higher in patients with early stages (I / II) compared to patients at advanced stage III (p=0.02). Also, a higher percentage of patients with positive BCL2L12 gene expression were found to have histological grade I / II (74%) compared to patients with histological grade III disease (44%); however, this difference had lower statistical power (p=0.04). On the other hand, no significant associations were found between BCL2L12 gene expression and different histological types, nodal status, ER or PR status, age, adjuvant treatment or menopausal status.
Survival analysis
The strength of the associations between BCL2L12 gene expression and DFS or OS in univariate and multivariate analysis, are shown in Table 4 . BCL2L12 gene expression showed a fairly strong association with relapse free survival and death in univariate analysis (p=0.002 and p=0.004 respectively). Breast cancer patients with positive BCL2L12 gene expression were almost 5 times less likely to relapse or die than patients with negative BCL2L12 gene expression (HR of 0.23 and 0.21 respectively). Kaplan-Meier survival curves (Fig. 2 ) also demonstrate that patients with BCL2L12-positive tumors have substantially longer DFS and OS (p=0.001 and p<0.001, respectively) compared to BCL2L12-negative patients. Cox multivariate analysis showed that BCL2L12 is an independent favorable prognostic marker for DFS and OS of breast cancer patients (p=0.032 and p=0.044 respectively).
Discussion
Programmed cell death plays a critical role in a wide variety of physiological processes during fetal development and in adult tissues. In most cases, physiological cell death occurs by apoptosis as opposed to necrosis. Defects in apoptotic cell death regulation contribute to many diseases, including disorders where cell accumulation occurs (cancer) or where cell loss ensues (stroke, heart failure, neurodegeneration). In recent years, the molecular machinery responsible for apoptosis has been elucidated, revealing a family of intracellular proteases, the caspases, which are responsible, directly or indirectly, for the morphological and biochemical changes that characterize the phenomenon of apoptosis. The apoptotic process is controlled by inducers and repressors; the balance between these stimuli determine whether the cell cycle enters mitosis or apoptosis (2, 5, 8, 28) .
Mitochondrial and cell-surface death receptor-mediated apoptosis are the two principal pathways leading to programmed cell death (32) . The mitochondrial pathway is thought to play a major role in response to cancer treatments and is mediated by the bcl-2 family proteins. More than 20 members of this family have thus so far been described in humans (5) . Many examples exist of alterations in the expression of either apoptosis-suppressing or apoptosis-inducing members of the Bcl-2 family in human cancers (8) . In most cases, however, the mechanisms responsible for aberrant levels of Bcl-2 family proteins probably reflect changes in the transcriptional and post-transcriptional regulatory networks that control the ultimate output of their genes (32) . A positive ratio between proand antiapoptotic bcl-2 family members leads to cytochrome c release from mitochondria, which triggers the final execution of cell death by the caspase cascade (3).
In the current study, the expression of the novel gene BCL2L12 in 70 breast cancer tissues was analyzed and results indicate that increased BCL2L12 expression is associated with less aggressive forms of breast cancer. The BCL2L12 gene was highly expressed in normal mammary gland in agreement with our previous report (18) and in breast tumors of low grade or differentiation stage. However, the expression was reduced or disappeared in more advanced stages of the disease. Thus, the BCL2L12 gene seems to exert a positive (pro-apoptotic) effect on programmed cell death. Similarly Bcl-2-positive breast cancer patients had a better prognosis and an overall better survival rate, compared to Bcl-2-negative patients (33) (34) . These studies included groups of uniformly treated women with nodenegative, node-positive, or metastatic disease, confirming an association of Bcl-2 with favorable prognosis even in multivariate analyses. Bukholm et al.. 2002 (35) also reported that overexpression of Bcl-2 was associated with better prognosis in univariate survival analysis but showed borderline association when including other clinicopathological parameters. Krajewski et al 1999 (36) gave several possible explanations for these seemingly paradoxical results. Among these possible explanations are (i) inhibitory effects of Bcl-2 on cell proliferation; (ii) regulation of Bcl-2 expression by estrogen; and (iii) the presence of Bcl-2 antagonists, which negate its cytoprotective function. On the contrary reduced Bax expression correlated with shorter overall survival (OS) of breast cancer patients (36) . Bak and Mcl-1, showed no significant correlation between tumor progression and the clinical outcome in studied cases (36) .
However, it can be seen from Table 4 that patients who simply receive hormonal treatment seem to have a longer survival time than patients who receive a combination of chemotherapy and hormonal treatment. Nevertheless, this may be due to the selection of patients for treatment according to the grade and stage of their tumors.
BCL2L12 protein was predicted to contain BH2 domain (18) known to be present in most anti-apoptotic proteins. In the present study, we found that BCL2L12 gene expression fits better with a pro-apoptotic pattern, which is probably due to the simultaneous presence in the BCL2L12 protein not only of a BH2 domain, but also of proline-rich motifs. The BH2 domain is present in the anti-apoptotic proteins Bcl-2 and Bcl-XL and is important in the homo or heterodimerization of the family members (5, (37) (38) (39) .
The importance of Bcl-2 family members as key regulators of apoptosis is apparent from their evolutionary conservation from worm to man (40) . Gene knockout data suggest that Bcl-2 family members may have both overlapping and spatially restricted functions in development and tissue homeostasis. This knowledge is clearly important when considering Bcl-2 family members, or other upsteam proteins of the apoptotic pathways that regulate the function of Bcl-2 like proteins, as targets for therapeutic intervention. The rapid progress in the molecular understanding of apoptotic pathways promises novel apoptosismodulating therapeutics, for eliminating otherwise difficult to treat cancers.
This study suggests that breast cancer patients with positive BCL2L12 expression are almost 5 times less likely to relapse or die, in comparison to patients with negative BCL2L12 expression, confirming an association of BCL2L12 with favorable prognosis. To the best of our knowledge, this is the first study examining the expression and prognostic value of BCL2L12 gene in breast cancer.
